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Agricultural zoning of 
climate risk for Physalis 
peruviana cultivation in 
Southeastern Brazil
Abstract – The objective of this work was to elaborate the agricultural 
zoning of climatic risk (ZARC) for Physalis peruviana, through the thermal 
and water requirements of the crop in Southeastern Brazil. Air temperature 
(TAIR) and precipitation (PYEAR) data from 1,530 meteorological stations 
covering the entire region were used. Regions were considered climatically 
favorable to Physalis peruviana when TAIR was between 13 and 18ºC and 
PYEAR between 1,000 and 2,000 mm per year. Regions where TAIR was above 
30ºC or less than 13ºC were considered inapt. Maps were created with this 
information and used to identify climatic characteristics and to establish 
the agricultural aptitude classes, termed apt, inapt, and marginal for the 
cultivation of Physalis peruviana. The Southeastern region of Brazil showed 
a thermal variation from 16.5 to 22.6°C and water amplitude from 800 to 
2,800 mm. ZARC shows that 10% of Southeastern Brazil is climatically apt 
for the cultivation of Physalis peruviana, corresponding to the following 
regions of Brazilian states: central and southern Minas Gerais, western Rio 
de Janeiro and Espírito Santo, and eastern and southern São Paulo.
Index terms: climate risk, agrometeorology, modeling, big data.
Zoneamento agrícola de risco 
climático para o cultivo de Physalis 
peruviana no Sudeste do Brasil
Resumo – O objetivo deste trabalho foi elaborar o zoneamento agrícola de 
risco climático (ZARC) para Physalis peruviana, por meio das exigências 
térmicas e hídricas da cultura na região Sudeste do Brasil. Foram utilizados 
dados de temperatura do ar (TAR) e precipitação (PANO) de 1.530 estações 
meteorológicas que contemplam toda a região. As regiões foram 
consideradas climaticamente favoráveis a Physalis peruviana quando a TAR 
foi entre 13 e 18ºC e a PANO entre 1.000 e 2.000 mm por ano. As regiões 
com TAR acima de 30ºC ou abaixo de 13ºC foram consideradas inaptas. 
Os mapas foram construídos a partir dessas informações e usadas para 
identificar as características climáticas e estabelecer as classes de aptidão 
agrícola, denominadas aptas, inaptas e marginais para o cultivo de Physalis 
peruviana. A região Sudeste apresentou variação térmica de 16,5 a 22,6°C 
e amplitude hídrica de 800 a 2.800 mm. O ZARC mostra que 10% da região 
Sudeste do Brasil são climaticamente aptos ao cultivo do Physalis peruviana, 
o que corresponde às regiões: Central e Sul de Minas Gerais, Oeste do Rio de 
Janeiro e do Espírito Santo e Leste e Sul de São Paulo.
Termos para indexação: risco climático, agrometeorologia, modelagem, big 
data. 
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Introduction
Physalis (Physalis peruviana) is a non-native 
species that has been increasingly cultivated in Brazil 
(Palomino et al., 2011). Native to the Andes mountains 
of Peru, South America (Fischer & Almanza-Merchán, 
1993), it belongs to the family Solanaceae, and can 
grow up to 2 m height (Ligarreto et al., 2005). Fruit 
production per plant at harvest is estimated to be 
between 2 and 3 kg, and the productive period until 
harvest can last 8 months, during which the branches, 
flowers, and fruit are simultaneously produced (Lima 
et al., 2012).
The ideal temperature for physalis cultivation 
ranges between 13 and 18°C, and this species is 
productive up to 30°C (Salazar et al., 2008a; Fischer et 
al., 2014); however, above this temperature, flowering 
and, consequently, fruit production, are subject to 
severe reductions. The ideal hydrologic regime for 
cultivation of physalis is between 1,000 to 2,000 mm, 
with equal distribution throughout the year, and air 
relative humidity to prevent fruit deterioration should 
be between 70 and 80% (Fischer, 2000; Rufato et al., 
2008). Precipitation values above this range stimulate 
excess vegetative growth, and increase the incidence 
of diseases. 
Climatic risk zoning (ZARC) is obtained using the 
predominant meteorological information of a region 
together with the bioclimatic characteristics of the 
cultivated crop species. Wollmann & Galvani (2013) 
described a ZARC as the delimitation of regions 
that are considered apt for the development of an 
agricultural crop, taking into consideration macroscale 
and regional climate conditions, as well as the thermal 
and hydrological demands of the species. Studies 
have been conducted on climate zoning for physic nut 
(Jatropha curcas L.) in the state of Goiás (Pena et al., 
2016), banana in Rio Doce valley in the state of Minas 
Gerais (Coelho et al., 2016), and for açaí in the state of 
Espírito Santo (Gasparini et al., 2015). A ZARC can 
have a wide applicability for a large part of agricultural 
crops in a specific region, but to date no studies have 
been done for physalis.
A ZARC is important for identifying regions that 
are apt, inapt, or marginal, and can aid to reduce risks 
involved with agricultural activities (Aparecido et 
al., 2018), thus increasing the level of confidence of 
producers that cultivate the plant species analyzed by 
ZARC. Physalis is a species that is relatively new to the 
Southeastern Brazil, and has been steadily increasing 
in planted areas. A large portion of the harvest is 
consumed in Brazil and is also exported to Colombia 
(Salazar et al., 2008a; López Enríquez et al., 2016), but 
there is a lack of studies that analyze whether or not 
the predominant climatic conditions of Southeastern 
Brazil are apt for the development of physalis. 
The objective of this work was to elaborate a ZARC 
based on the thermal and hydrological characteristics 
of physalis for the Southeast of Brazil.
Materials and Methods
The data for average air temperature (TAIR) and 
monthly rainfall (PYEAR) representing the pattern for 
the period 1950 to 2015 were obtained from 1,530 
meteorological stations spread across Southeastern 
Brazil (Figure 1). This region has an area of 
approximately 924,620 km², in which the predominant 
Köppen and Geiger (1928) climate classes are: Af, Am, 
Aw, Cfa, Cfb, Cwa, and Cwb (Alvares et al., 2014). 
The climatic variables TAIR and PYEAR were defined 
in accordance with the cultivation characteristics of 
physalis (Fischer, 2000; Salazar et al., 2008b). Using 
a combination of different climatic variables based on 
the scientific literature (Fischer, 2000; Rufato et al., 
2008; Salazar et al., 2008a), the climate zoning classes 
were established for physalis (Figure 2). 
The studied regions were considered climatically 
favorable for physalis when TAIR was between 13 and 
18ºC, and PYEAR was between 1,000 and 2,000 mm per 
year. Regions where TAIR was above 30ºC or less than 
13ºC were considered inapt (Fischer, 2000; Rufato et 
al., 2008; Salazar et al., 2008a; Fischer et al., 2014). 
Areas considered marginal had the following 
restrictions: 1st, TAIR between 18 and 30ºC, vigorous 
vegetation; 2nd,  TAIR between 13 and 18ºC and PYEAR 
>2,000 mm, excess presence of diseases; 3rd, TAIR 
between 13 and 18ºC and PYEAR <2,000 mm, water 
deficit (Fischer, 2000; Rufato et al., 2008; Salazar et al., 
2008a). The interposition of these data was conducted 
using the tool “raster.calculator”.
With the establishment of the apt, inapt, and marginal 
climate classes for the ZARC, the hydrological balance 
was calculated following Thornthwaite & Mather (1955), 
to refine the characterization of each climate class.
In order to calculate the hydrological balance, the 
potential evapotranspiration (ETP) was calculated 
according to Thornthwaite (1948): 
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in which: ETP is the potential evapotranspiration (mm 
per month); ETp is the reference evapotranspiration; 
COR is a correction factor in function of the real 
number of days, and of the monthly photoperiod; TAIR 
is the average monthly temperature; I is an index that 
expresses the level of heat of the region; a is the regional 
thermal index; NDP is the number of days of the period, 
and N is the average photoperiod for the month.
After the calculation of ETP, the components of the 
hydrological balance (water deficiency – DEF, and 
excess – SUR) were calculated for all sites: 
if P ETP
NAC NAC P ETP
STO WC
if P
i
i i i
i e
NAC
WC
i−( ) < =
= − + +
=




0
1 ( )
;( )
−( ) ≥ =
= + +
=




−
ETP
STO P ETP STO
NAC WC
ALT
i
i i i
i
STO
WC
i
i0
1( )
ln
;( )
= −
=
+ <
≥




−STO STO
AET
P ALT if ALT
ETP if ALT
D
i i
i
i
i
1
0
0
;
,
,
;
   
   
EF PET AET
SUR
if ALT
P ETP ALT if WCi i i
= −
=
<
− − =



;
,
( ) ,
;
0 0
0
  
  ;
in which: ETP is the potential evapotranspiration 
(mm per month); WC is the available water capacity 
(mm); STO is the soil-water storage (mm); NAC is 
the sum of rainfall - potential evapotranspiration 
(mm); DEF is the deficit of water in the soil-plant-
atmosphere system (mm); SUR is the excess water 
in the soil-plant-atmosphere system (mm); ALT is 
the soil-water storage for the actual month - the soil-
Figure 1. Agrometeorological stations used in the climatic risk agricultural zoning for physalis in the Southeastern Brazil. 
Source: Inmet (2015).
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water storage for the previous month (mm); and i is 
the monthly period.
The calculated hydrological balance used the capacity 
of available water (CAD) between 60-100 mm, which 
is a value that represents the effective rooting depth 
of physalis and is expressed by the following equation 
CAD = (ϴCC - ϴPMP) x 1.2 x 600; in which: ϴCC is the 
humidity based on the mass at field capacity; ϴPMP is the 
humidity based on the mass at the wilting point.
Geographic information system (GIS) technology 
was used to analyze the spatial interpolation of the 
TAIR and PYEAR values for all sites spread across the 
Southeastern Brazil. This analysis was conducted using 
kriging (Krige, 1951) with neighboring data points with 
a resolution of 0.25º (27.75 km) in a spherical model.
The interposition of climate information (TAIR and 
PYEAR) was conducted using the tool “raster.calculator”, 
along with the data interpolation for the construction 
of the ZARC of physalis for the Southeastern Brazil.
Results and Discussion
Southeastern Brazil has a thermal variation between 
16.5 and 22.6°C and average thermal amplitude of 6°C. 
The highest TAIR occurred in the area of Triângulo 
Mineiro that consists of parts of the northeast of the 
state of São Paulo, the north of the state of Minas 
Gerais, and the east of the state of Espírito Santo, with 
values above 22.6ºC. The lowest TAIR are concentrated 
in the south of the state of Minas Gerais, where values 
below 16.5ºC were recorded (Figure 3 A). This TAIR 
variation was also described by Alvares et al. (2014). 
The PYEAR had a large variability across Southeastern 
Brazil (Figure 3 B). The lowest values for PYEAR were 
<800 mm per year (Figure 3 C) and occurred in the 
Figure 2. Classification criteria for adaptability of physalis 
based on agroclimatic attributes: TAR, annual average air 
temperature (ºC), and PANO, annual rainfall (mm). 
Figure 3. Map of the spatial variability of air temperature 
(A), rainfall (B), and distribution of temperature and 
precipitation (C), in the Southeastern Brazil.
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Jequitinhonha valley and in the northern of the state of 
Minas Gerais. The highest PYEAR were <2,800 mm per 
year in the Paraíba valley (in the São Paulo state), as 
well as in a small area of the Sul Fluminense region, 
and in the Mantiqueira mountains in the area of Alto 
Paranaíba (in the Minas Gerais state). In the most 
Southeastern Brazil, the PYEAR varied between 1,200 
and 1,600 mm year (Figure 3 B). This PYEAR variation 
was also described by Aparecido et al. (2017).
The ZARC for Physalis peruviana shows that the 
south and metropolitan regions of Minas Gerais, the 
western of Rio de Janeiro and Espírito Santo states, 
and the eastern and southern of São Paulo state, are 
the areas with the most favorable climate conditions 
for the success of physalis plantations (Figure 4). The 
remainder of the analyzed regions was considered 
marginal, as these areas showed at least one restriction 
to physalis cultivation.
Out of the total area, 10% of the Southeastern 
Brazil was considered apt for physalis cultivation, 
and the areas with TAIR above the ideal (1st restriction) 
represent 80% of the Southeastern Brazil. In these 
areas physalis would be restricted due to the need of 
closing its stomata, consequently causing a reduction 
of gas exchange and evapotranspiration, and these 
effects would reduce plant productivity (Taiz & Zeiger, 
2017). To cultivate physalis in areas with high TAIR, 
it would be necessary to adopt strategies to reduce 
climate adversity, such as the use of polyethylene 
shading screens, or mixtures of different crops such 
as shrubs or trees to reduce TAIR. Areas with high 
indices of disease due to excess PYEAR represent 1% 
of the Southeast region of Brazil. In these areas, the 
solution is to use a system with an efficient drainage 
or protection, able to control the entry of water into 
the system, for the physalis plantation (semi-enclosed 
greenhouses). In regions with recurring water deficits 
due to low values of PYEAR (9%), irrigation systems 
are recommended, in order to satisfy the crop-water 
requirements.
Areas deemed apt for physalis cultivation have a 
PYEAR of 1,560 mm (Figure 5 A), with a slight water 
Figure 4. Agricultural climate risk zoning for physalis in the Southeastern Brazil.
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Figure 5. Seasonal variation of monthly air temperature and monthly rainfall for areas considered apt (A), and marginal (B 
= first restriction, high temperatures; C = second restriction, excess diseases; D = third restriction, water deficit), and climate 
hydrological balance for areas considered apt (E), and marginal (F = first restriction, high air temperatures; G = second 
restriction, excess diseases; H = third restriction, water deficit), for the agricultural zoning of climate risk for physalis in 
Southeastern Brazil.
Pesq. agropec. bras., Brasília, v.54, e00057, 2019
DOI: 10.1590/S1678-3921.pab2019.v54.00057
This is an open-access article distributed under the 
Creative Commons Attribution 4.0 International License
Agricultural zoning of climate risk for Physalis peruviana cultivation 7
deficit during the July and August (Figure 5 E). The 
regions with restrictions due to high TAIR show water 
deficit from April to September (Figure 5 F), and TAIR 
average of 20ºC (Figure 5 B). Areas with high PYEAR, 
as is the case for the coastal region of the state of São 
Paulo, have rainfall indices near 2,400 mm per year 
(Figure 5 C) and surplus above 1,300 mm per year 
(Figure 5 G). 
The north of the state of Minas Gerais, and the 
Jequitinhonha valley and Mucuri were regions that 
characterized as being marginal because they have 
PYEAR of 900 mm per year (Figure 5 D) and a large 
water deficit from February to October (Figure 5 H). 
Water stress due to deficit is one of the meteorological 
variables with the largest negative correlation with 
productivity of agricultural crops (Martins et al., 
2015). Not only the presence of high-water deficits 
causes stomatal closing, but they cause also a reduction 
of evapotranspiration (Aparecido et al., 2017), which 
has – as a direct consequence – a reduction of net 
photosynthesis (Larcher, 2006). Sinclair & Ludlow 
(1986) highlight that besides reducing transpiration, 
water stress can also affect the growth and development 
of agricultural crops. 
Conclusions
1. Climatic risk zoning for Physalis peruviana show 
that 10% of the Southeastern Brazil is apt for cultivation 
of this plant; the areas considered most apt are the 
center/southern parts of the state of Minas Gerais; the 
western portions of the states of Rio de Janeiro and 
Espírito Santo, and the southern and eastern of the 
state of São Paulo.
2. The largest restriction to the development of 
Physalis peruviana is the high-air temperature, a 
condition which is present in 80% of the studied area.
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